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Proposed Title of the research: TCAD modeling of WBG and UWBG power devices for their optimization and system-level performance evaluation
Keywords: (5)

TCAD modeling; Gallium Oxide; Gallium Nitride; Degradation mechanisms; System-level evaluation
Research objectives: --(max 10 rows)

The power electronics industry is shifting toward wide-bandgap (WBG) and ultra-wide-bandgap (UWBG) semiconductors, like Gallium Nitride (GaN) and Gallium Oxide (Ga2O3), to overcome Silicon efficiency and voltage limits. In this context, advanced numerical modeling is essential to accelerate technology development. This project aims to develop a comprehensive, physics-based TCAD framework for WBG and UWBG power devices to investigate microscopic physical mechanisms, non-ideal transport, and high-field edge terminations. Crucially, the research bridges device physics and system-level engineering by establishing reliable parameter extraction routines for system simulations, evaluating the real benefits of these emerging technologies in power conversion.
Proposed research activity -- (max 10 rows)

The PhD candidate will perform advanced numerical modeling using physical TCAD environments to simulate vertical and lateral power devices based on GaN and Ga2O3 technologies. The activity involves calibrating physical transport models (including mobility degradation and impact ionization) against experimental data. Advanced electro-thermal modeling will be a major focus, being critical for Gallium Oxide due to its low thermal conductivity. The candidate will optimize layouts, thermal management, and edge terminations to mitigate electric field crowding and self-heating. Subsequently, automated parameter extraction procedures will provide macro-parameters for system-level simulators, enabling device performance evaluation under realistic, non-isothermal stress conditions.
Supporting research projects (and Department)

The research will be carried out at the Department of Engineering “Enzo Ferrari” and in collaboration with important partners at the national and international level.
Possible connections with research groups, companies, universities.

The research may involve collaborations with research groups at:

● CNR-IMM – Consiglio Nazionale delle Ricerche - Istituto per la Microelettronica e Microsistemi (Italy), for collaboration on material characteristics, test structure mask layouts, and process development correlation. 
● FBH – Ferdinand-Braun-Institut (Germany), for interactions concerning advanced material growth and device concepts.
(*) optional

(**) optional/to be completed on the second year  
